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® Need)eloMvaeuiim<ompreeaJon Injector 

@ A needleless injector has an infection nozzle (17) sur- 
rounded by a sleeve (14) to stabilize the nozzle (17) against 
tissue to be infected. Vacuum can be applied to the spaca 
within the sleeve (14) outside the nozzle (17). Medicament (16) 
is injected by means of a plunger (12) and a piston rod (25) of a 
piston end cylinder (2023) to which a charge of compressed 
gas can be delivered. An interlock (24) allows delivery of such 
gas only if the vacuum in the sleeve (14) as sensed by a vacuum 
sensor (8) attains a predetermined value. The gas pressure may 
be adjusted to control depth of penetration of the injected 
medicament and the stroke length of the rod 25 may be 
adjusted (at 26) to control the volume of medicament injected. 
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Description 



NEEDLELESS VACUUM-COMPRESSION IM JBCTO« 



tissue to be penetrated. « oewce over the 5 

The present invention provides a needi.i.,. 
vacuum^ompression injectoTco^n^gT^'*" 
medicament hoidin B means for holding 9 , medic- 

a vacuum generator for afln 0ra «« 10 
delivering Ld ™cuum £ M TSSIZT" 
system; continuous vacuum 

tissue stabilizing means in communication with 
continuous vacuum system- mn " Jn,cat,on said 

mmT^'" 9 mMnS ' 0r ' sensi "9 »• vacuum in " 
said system; a pressurized fluid source- 

SEEJT" tar ^ P" sssuri «<J fluid; 

^SLT ,0 pr ' Muriz,d n* 

source ana operative in response to the raie»<> «i ~ 
pressure by said release means tor prassu^™!nH * 
expelling said medicament from 
holding means; and. medicament 
locking means controlled by said vacuum s.n,,n„ 
means for locking said actuation meZ 2 « 
actuation until the vacuum in um . 25 

•flereby at said tiaau. seizin, met2^? a 
predetermined vaiue. reacr.es a 

Needleless vacuum-compression in factor* 
hypodermic and hypomucosT^caZTa^ d 1 „ 

to Cohen. These patents show regulation ofv^m 

ssaasKasSSS: 
=s=asa:aaS3 

nrtauy under adequate control of the user S 
esSbShaH'* r^ UUn ' ' 9Vel « 40 

The present invention provides salient 

The foregoing and other objects, features and 
adwntagaa of the invention win be i,T„^ 
tollowing more particular description of «X»S 
embodiment, 0( me jnvemjon 2^5£TSrS2 55 

Cerent ^a'dra^ 
uponrtlustratngpnnciplesoftheinvention. P „ 



-on^ s'ec^lTo? 

FIG. 3 is a schematic representation nt a 

St^aT ^ ^»ci! 

a hand - hel ° Portion shown in FIG. 2 

inlL^ •" 0 " naa «*«»d need has existed for 
injectors to be capable of injecting different 
amounts of medicament by prior prlseS 
or adju.tm.nt of trie mecrianZ ra^I 
having , 0 b9 p.etoaded with specie 2£n £j 
medicament according to the p£E£ 

orTe eS e m U B d? m9nt " 

vokZ ,1 mk med ^m en « content amount or 

volume of the medicament carrier 

Apnmary object of the invention, therefor. ,. 
to provide a needleless vacuum^oSZon 
Rector which injecta a preselected^^ 

ment of a desired vacuum level. (errand Th« 
dev.ee provides variabl. volume as 

used for driving trie pneumatic injector piston to 
ensure adequate wide-range control ovir dap* 
^ m,nt P"*™*"- An adjustable pi" 
tonstroke controls me amount of mediceX 

The schematic illustration shown in Flfi i 
represents a preferred embodZm of J 
iniector dev,ce of the present invenTn in '£> 
of a self-contained, handheld injector 40 
comprising power and control unit 43 and 

rSZ n , , « a ' ri9r and $,eeve <"*c*ment 45. 
wEZZ eomprises a medicament carrier 
ef" and surro «"'««<l by an outer 
an^JJ k T 14 ia P^ded with an 
entarged base 15 that facilitates removal or 
uncoupling of attachment 45 from the power 
and control unit 43. for instance by mWo 
^rflZtr' lngmreadSMed,came m carrier 
hLn„ ^ ^*" Ppr °P rta,e medicament prior to 
being attached within sleeve 14 to power and 
control unit 43. Medicament carrierTia ol 
generally cylindrical shape having an axial bore 
teronating at its distal end in a snW«S 
onfice noa. 17 of appropriate dimension for 
needleless injection and having the bore near 
ita proximal end sealed by a plunger plug li 

J^,? nU !* f , SpaCe be1WMn medicament 
earner 16 and sleeve 14 permits vacuum-crea- 
ing air flow from the region surrounding nozzle 
17 at the distal end of medicament carrier 16 
toward a vacuum generating device 10 via 
appropnate conduits 18 in base 15 and com- 
municating conduits 19 that lead through the 
easing of power and control unit 43 to trie 
vacuum generating device 10. 
Vacuum generating device 10 may be, for 
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instance, a spring-loaded piston/ cylinder ar- 
rangement with a manual cocking mechanism 
(against spring) and an appropriate manual 
trigger or button for release actuation. The 
mechanism is of the general kind conventionally 5 
found in air guns and the like. In a preferred 
embodiment it is a double piston/cylinder 
arrangement powered by a compressed gas 
supply 2 such as a conventional compressed 
carbon dioxide gas cartridge which also powers W 
piston 20 of cylinder 23. 

Communication between the vacuum gener- 
ating device 10 and conduits 18 and 19 are 
appropriately vaived by valves not shown. The 
vacuum generating device 10 and conduits 18 is 
and 19 may also be appropriately vaived. The 
vacuum generating device 10 is adjustably 
variable by conventional means to provide 
different desired vacuum pressures. Conduits 
19 further communicate via vacuum sensing 20 
conduit 21 with vacuum sensor 8 which utilizes 
a diaphragm or a piston to provide a mechanical 
output to an interlock coupling 24. 

The injector power and control unit 43 further 
comprises a pneumatic cylinder 23 having a 25 
piston 20 which, when actuated, drives an 
attached piston rod 25 againstplunger piug 12 
and forces the plug 12 deeper into the bore of 
medicament carrier 16. thus pressurizing and 
expelling its medicament content through 30 
nozzle 17. A mechanically adjustable stop 26 
(indicated by dashed lines) provides for piston 
stroke length adjustment and thus controls the 
amount of .medicament displaced from the 
carrier 1 6 and injected into bodily tissues. 35 

Pneumatic power for actuation of piston 20 of 
cylinder 23 is provided by a supply of com- 
pressed fluid, such as compressed gas 2. 
through a variable-pressure control 4 and via a 
variable volume chamber 6. The compressed 40 
gas 2 is released on demand to cylinder 23 by a 
release valve 22. Gas pressure within cham- 
ber 6 may also be sensed by an appropriate 
sensor. Thus compressed gas of a preselected 
volume and pressure is controlled by release 45 
valve 22 which is mechanically interlocked by 
means of the interlock coupling 24 (indicated by 
a dashed line) with the vacuum pressure 
sensed by vacuum sensor 8. The mechanism of 
interlock coupling 24 is suitably adjustable with 50 
respect to a desired minimum vacuum value to 
selectively provide an interlock -re lease or inter- 
lock-deactivation. For instance, the arrange- 
ment of vacuum sensor 8 and release valve 22, 
interlocked by mechanical coupling 24. is 55 
preferably provided by a vacuum-sensing pis- 
ton/cylinder device that is adjustably spring 
loaded for adjustment of the desired vacuum 
level for triggering of a conventional miniature 
spool valve which is the release valve 22. 60 

In preparation for use. the hand-held injector 
40 is loaded with its medicament carrier 16 that 
is appropriately loaded with medicament. The 
injector is then adjusted to a desired vacuum 
interlock level by adjusting the coupling 24 65 



and/or the valve 22 so that valve 22 only 
releases the gas from chamber 6 when me 
desired vacuum is sensed by sensor 8. In this 
respect, the actuation gas pressure is adjusted 
by means of the variable pressure control 4 and 
the actuation gas volume is controlled by the 
variable-volume chamber 6. Pressure control 4 
may be a conventional miniature adjustable 
pressure regulator and variable-volume cham- 
ber 6 comprising an adjustable cylinder ar- 
rangement that is adjusted for instance by 
means of a screw-operated plunger. Similarly, 
the variable stroke length of piston 20 is 
adjusted by selective positioning of the stop 26. 

in use. the vacuum generator 10 is actuated 
and the hand-held injector 40 is placed with 
nozzle 17 against the skin at the injection site. 
When outer sleeve 14 is sealed against the skin 
at its distal p*d. the vacuum created in the 
annular region between sleeve 14 and medic- 
ament carrier 16 is sensed by vacuum sensor 8. 
Provided thai the desired preselected vacuum 
level is attained, the nozzle 17 is adequately 
stabilized over the tissue to be injected. 
Release valve 22 then opens and piston 20 in 
cylinder 23 is driven by the compressed gas 
toward the right The piston rod 25 then forces 
plunger plug 12 into the medicament carrier 16 
which is thusly pressurized and expels its 
medicament content through nozzle 17 into the 
tissue. 

The piston rod 25 and plug 12 travel only for a 
distance that depends on the setting of stop 26. 
Consequently, commensurate amounts of 
medicament are expelled from medicament 
carrier 16 into the tissue. Hence, any dosage of 
medicament up to the full capacity of the carrier 
may be preselected, as for instance may be 
required by the dosage requirements corre- 
sponding to a particular patient's body weight. 

It win be appreciated that the capability for 
providing an adjustable volume of compressed 
gas at an adjustable pressure to drive piston 20 
and plunger plug 12 and therewith expel the 
medicament through nozzle 17 facilitates im- 
proved control over depth of penetration into 
bodily tissues. In this manner the relationship 
between instantaneous injection pressures and 
the amount of medicament to be injected during 
an injection stroke may be appropriately tai- 
lored. 

In one embodiment of the invention the 
volume of chamber 6 is varied by means of a 
screw-operated plunger (not shown); and the 
variable pressure controller 4 is a conventional 
screw-operated diaphragm-type device. The 
two adjustments of pressure and volume, 
however, can be coupled to a single screw or 
slide mechanism without significant loss of 
accuracy so long as the diaphragm of the 
pressure regulator and the plunger of the 
volume control are appropriately sized. 

Another preferred embodiment shown sche- 
matically in RGS. 2 and 3 represents the 
injector device of the present invention consist- 
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ing of a hand unit 60 and a separate remote unit 

cLTl® ^ ,nterConnected °V umbilical 

As schematically illustrated in FIG. 2, the 

®? compri8es the m ^cament carrier 5 
16 within the sleeve attachment 45 and the 
pneumatic cylinder 23 is encased within a 
cylinder housing 62. In this respect, the medic- 

roTL^ 16 S fnSert9d ^"r. 
rounded by outer sleeve 14 which, as in the first to 
embodiment, is provided with an enlarged ba£ 
15 which facilitates removal or uncoupling of 
attachment 45 from the cylinder housing 62 
such as by mating threads. 
The annular space between the medicament is 

^f"^ the region surrounding 
nozzle 17 mto vacuum cable conduit 72 fin 
int^^ ?0) * ***** conduits 18 

^ 23 ^ comprises a 

ptaton 20 which, when actuated, drives the 
attached piston rod 25 against plunger plug 12 
and forces it deeper into the borVof medio- 25 
ament earner 16 to thualy pressurize and expel 
its medicament content through nozzle 17 and 
into the tissue. Pneumatic cylinder 23 further 
comprises an eiectromechanically adjustable 

between piston 20 and cyfinder end 64 that 
provides for piston-stroke-iength adjustment 

T^h^H amount * medicament 
displaced from the earner 16 and injected Into 
bodily tissues. Position adjustment o! EopOte 3S 

SSwnM EX d8, *? rBd t0 a Mrvo ^tor (not 
shown) through a stop-control line 76 (indi- 
cated by a dashed Bne) within the umbilical 
cable 70. Similarly, the pneumatic cylinder 23is 40 
actuated and powered by pneumaT^s^* 

r^una^^-^ " 

J Q fl n 3 J2f' nfl,,CaI,y illustrates the remote 

unit 80 which contains a power supply and 45 

control facilities for the RQ. 2 Injector As 

80 18 Connected 
with the hand unit 60 via umbilical cable 70 

Remote unit 80 comprises a vacuum gener- 
ator 96 connected to a vacuum control valve 95 so 
which is controlled by an electronic control unit * 
93 compnsing a commercial microprocessor 
with appropriate interfacing, in one embodi- 
ment of the invention, vacuum generator 96 
u .fees compressed gas source 88 in the form 55 
of a compressed carbon dioxide cartridge or 
tank to produce the required vacuum by means 
or a conventional venturi ejector device. In 
ar^er embodiment, vacuum generator 96 is a 

^ Q win a miniature manually pread- 65 



justable needle valve acting as a bleed vaiv 
mrough appropriately caHb^d d5£S.tT 
fices, thus being capable of creating Xent 

1~ ^ ,n w » commS 
available solenoid valves from the. Lee Com- 

from the Clippard Instrument Labs, model 
MNVM are used. However, similar devices^ 
be applied with equal success. Also ar iZSl 

Su^T"* M <" electr?^ 

adjustable vacuum pressure regulator and vahm 
may be utilized instead. * 

<ul!^ n ^^ um " 8en8in 9 transducer 
94 connects to and senses the vacuum press- 
ure at the vacuum control valve 95 and provides 
the appropnate signal representative of that 

pressure to the control unit 93. 
Transducer 94 can be a commerical vacuum- 

sensing transducer sold by Omega Engineerino 

Co.. model P24HBNG5V (0 to 20" Hg EES? 

Equivalent devices may also be used 
The desired vacuum level is adjustable bv th« 

operator via an 'uptown- elecir^c^um 

KtoZ^ 0 ™" ^ ^troTu^ 
93. In thte manner, selector 98 controls valve 98, 
which, in turn, controls the vacuum provided by 

- j?!™*" m vacuum - ^ch is 

transducer 94 for delivery of a 
feedback signal to control unit 93/ is in 
communication with the hand unit 60 via conduit 
72 in umbilical cable 70. ■conouit 
Remote unit 80 further comprises a com- 
[™" e J? 0" sourc e 88; an electronically ad- 
^stabte pressure control device 89; an elec- 
tronically adjustable, variable volume chamber 
91; an electronic pressure sensor 90 for 
sensing pressure in chamber 91 ; and, a release 
valve 92. In mis respect the pressure control 
device 89 is a conventional motorized pressure 
regulator. It may be. however, as simple as a 
miniature solenoid valve. Either device is con- 
trolled by control unit . 93 in dependence on 
^"Jf* " n34 2J n chamber 91 by pressure 
sensor 90. Pressure transducer modal 
PX305-500QI (0 to 500 psi >^S£ge £££ 
eenng Co. has been used for the latter but 
these conventional devices do not form part of 
the invention and, therefore, will not be further 
described. 

Electronic control unit 93 receives the press- 
ure signals from sensor 90 and provides the 
required control signals to pressure control 
device 89; to variable-volume chamber 91 ■ and 
to release valve 92 such aa a commercialy 
available miniature solenoid valve. In a manner 
corresponding to the first embodiment, the 
pneumatic pressure released by valve 92 is then 
led to the hand unit 60 via conduit 74 in umbilical 
cable 70. 

The desired injection pressure is adjustable 
by the operator via another 'up-down' elec- 
tronic pressure selector 97 located on the 
control unit 93. The desired volume of chamber 
91 is also adjustable by the operator via yet 
another "up-down - selector 82 that is also 
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located on the control unit 93. In this regard, as 
in the first embodiment, the volume selector 82 
and the pressure selector 97 may be appropri- 
ately coupled within the electronic control unit 
93 to- provide a single adjustment selector for 
control of injection depth. In addition, as noted 
above, adjustment of stop 66 (FIG. 2) is 
preselected by the operator via dosage selector 
83 located on the control unit 93. That is. 
appropriate control signals from control unit 93 
are provided via the stop control connection 76 
within umbilical cable 70 to the servo-motor for 
the adjustable stop 66 in hand unit 60. 

In preparation for use. the injector hand unit 
60 is loaded with its medicament carrier 16 
which is fitted with appropriate medicament. 
Vacuum selector 98 on the remote unit 80 is 
then adjusted to select the desired vacuum 
interlock level to be sensed by vacuum-sensing 
transducer 94. Appropriate injection penetra- 
tion pressure selector 97 and volume selector 
82. and the appropriate medicament dosage is 
chosen by adjustment of dosage selector 83. 

Jn this respect, selectors 83. 82. 97. and 98 
are appropriate manually operatable 'up-down* 
switches that provide commands to electronic 
control unit 93, as described. For instance, 
selector 83, via unit 93. commands a servo- 
motor arrangement that adjusts adjustable stop 
66 (FIG. 2) by means of a motorized screw 
mechanism. 

The hand unit 60 is then placed with nozzle 17 
against the skin at the injection site. When the 
distal end of outer sleeve 14 is sealed against 
the skin, the vacuum created in the annular 
region between sleeve 14 and medicament 
carrier 16 is communicated via the umbilical 
cable 70 to the remote unit 80 and is sensed by 
the vacuum sensing transducer 94 as described 
above. Provided that the preselected vacuum 
interlock level is attained (indicating adequate 
stabilization of nozzle 17 over the tissue to be 
injected) the release valve 92 opens and 
pneumatic pressure feeds through conduit 74 in 
umbilical cable 70 to cylinder 23 In the hand unit 
60. Piston 20 In cylinder 23 is thereby driven by 
compressed gas toward the right in FIG. 2. The 
piston rod 25 then forces the plunger plug 12 
into the medicament carrier 16 to thus presurize 
and expel the medicament content through 
nozzle 17 and into the desired tissue to the 
desired depth. In this respect, the piston rod 25 
and plunger plug 12 travel for a distance limited 
by the preselected setting of stop 66 so that 
only the preselected dosage of medicament is 
expelled from medicament carrier 16. 

While the invention has been particularly 
shown and described with reference to 
preferred embodiments thereof, it will be under- 
stood by those skilled in the art that various 
changes and modifications in form and details 
may be made therein without departing from the . 
spirit and scope of the invention. The controls 
on the remote unit 80, for example, have been 
described in terms of a preferred embodiment 



employing otherwise conventional electronic 
controls. Mechanical controls, nowever. such 
as used in the first embodiment can also be 
employed if the conveniences of electronic 
5 controls are for some reason not desired. 



Claims 

W 1. A needleless vacuum-compression injec- 

tor comprising: 

medicament holding means for holding a 
medicament; 

a vacuum generator for generating a vacuum 
15 and delivering said vacuum to a continuous 

vacuum system: 

tissue stabilizing means in communication with 

said continuous vacuum system: 

vacuum sensing means for sensing the vacuum 

20 in said system; 

a pressurized fluid source: 
release means for said pressurized fluid : 
actuation means connected to said pressurized 
fluid source and operative in response to. the 

25 release of pressure by said release means for 

pressurizing and expelling said medicament 
from said medicament holding means; and, 
locking means controlled by said vacuum 
sensing means for locking said actuation 

X means against actuation until the vacuum in 

said system, and thereby at said tissue stabiliz- 
ing means, reaches a predetermined value. 

2. Apparatus of claim 1 including means for 
sensing the pressure of said pressurized fluid 

35 and means for regulating the pressure of said 

pressurized fluid. 

3. Apparatus of claim 1 including means for 
selectively varying the vacuum pressure at 
which said locking means permits actuation of 

40 said actuation means. 

4. Apparatus of claim 1 including means for 
varying the volume of said pressurized fluid that 
is available to drive said actuation means upon 
actuation thereof. 

45 5. Apparatus of claim 1 wherein said actua- 

tion means includes a pneumatic cylinder and 
piston; and, 

means for adjusting said piston's stroke length, 
whereby said piston's stroke length controls 

50 the amount of medicament that Is expelled by 

said injector. 

6. A needleless vacuum-compression injec- 
tor for dispensing a medicament into a tissue 
body, said needleless vacuum-compression 

55 injector comprising: 

a medicament holding means for holding a 
quantity of medicament, said medicament hold- 
ing means having a medicament expelling port 
which is positioned proximate said tissue body; 

60 a tissue stabilizing means which surrounds said 

medicament expelling port of said medicament 
holding means, said tissue stabflizng means 
being positioned proximate said tissue body; 
means for generating a vacuum, said vacuum 

65 being delivered to said tissue stabilizing means 
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I 0 ™ t0 " ea,e a *** between said tissue body 

ZlTVZ? 3tabili2in9 means ***** said 
tissue body is prevented from moving with 
respect o said medicament expelling por?; 
means for sensing the amount of vacuum 
generated in said tissue stabilizing means 
a supply of pressurized fluid- 
means for releasing said fluid in response to the 
attainment of a desired amount of vacuum in 
said tissue stabilizing means- 
actuation means operative in response to the 
release of said pressurized fluid by Jd re leas 
ingi means for pressurizing and expelling said 

locking means controlled by said vacuum 
sensing means for locking saiTac^ation 
means against actuation until the amount of 
vacuum in said tissue stabilizing means reaches 
a predetermined value. 

anLlT^^ 109 * Ctaim 8 the 
amount of fluid supplied to said actuation 

cTSer* m ™ by * ^ -lume" 
8. The apparatus of claim 8 wherein said 
needleless vacuunvcompreasion injector com- 
prises a hand unit and a remote unit, said hand 
mLf^ 9 medlcam «"t holding 

maan f; sa,d ti »u« stabilizing means and saitf 

SS^^ unit bein 0 inter, 
faced with said vacuum generating means and 
said supply of pressurized fluid contain 

uTb*^ 

rnedicament holding means for holding a quan- 
tity of a medicament, said medicament holding 
means having an orifice nozzle at its distal end 
Sd m ti^fbo% d ~-t-^into 
tissue stabiiizng means surounding said orifice 

vacuum generating means, said vacuum gener- 
anng means delivering said vacuum to said 
^sue stabilizing means via a vacuum conduit 
so that said tissue stabilizing means can 

Ss^bcldy^ 0 " 0rlfiC9 n0C,e 00 831(1 

21 !?L adl "? ttn9 me amount <* vacuum 
produced by said vacuum generating means; 
a vacuum sensor for determining the amount of 
wuum produced by said vacuum generating 

a source of pressurized fluid' 

resL'nt^"^ ' 0r ^"'"fl «*" *"« 
ofv£C2m of a desired amount 

apneumatie cylinder which receives said press- 
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means for adjusting the volume of fluid de- 
livered to said pneumatic cylinder- 
means for limiting the amount of medicament 

Tcon^T 96 *° m 8aid 0riflce "ozzie so as 

an interlock coupler for ensuring that said 

ma«T^ flUid 18 n0t «•"■«» * sTpn^ 
Zfl^T' Pri0r t0 me attainment of a 
preselected amount of vacuum, the attainment 
of said preselected amount of vacuum indicat- 

nl^JHi^ 09 n0Z2le has Properly 
positioned with respect to said tissue body 
10. A method of injecting a selected amount of 
medicament into a tissue body using a needle- 

Sp; u oT" omprwsion injector ' 

AJHng an orifice nozzle of a medicament carrier 
with an appropriate amount of medicament- 
positioning the orifice nozzle on a desired 
section of a tissue body; d 
L^!!S"l me movemant of the tissue body 
P 52. 9 a ? CUum 10 me ,issue D <*y « the 
^ue£d7 0fffiCt n0Z2,a ^ *• 
selecting the desired amount of vacuum to be 
applied to the tissue body; - 

Srbooy am ° unt 01 vacuuni appWed t0 mt 

«v^li f 5L me . amount * "lament that is 
expelled from the orifice nozzle; and 

^l! r ^ the , mediCanient medicament 
carrier into the tissue body after the tissue body 
has been immobilized. «ueooay 
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